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Abstract: Recent work macle in the Tropi- 
cal Western South Pacific along 170'E indi- 
cates that between 20's and 5"s there are 
two perinanent eastward countercurrents. 
One centered at about 9"s is the South 
Equatorial Countercurrent; it transports 
low salinity water wiiich has aiso a mini- 
mum oxygen concentration and is nutrient 
rich. The other is centered near 17'30's; 
its water has a low salinity Ilut a high con- 
tent in oxygen and low nutrient concentra- 
tions. The westward flow between them 
is composed of high salinity, highly oxygen- 
ated water. No seasonal variations of the 
intensity of the meridional extension, of 
the volume transport of these currents liave 
been observed and i t  appears clearly that 
the South Equatorial Countercurrent is dis- 
tinct from the current observed on the 125 
cl/t surface. This zonal circulation can 
induce vertical displacements of water, tlie 
effect of which are seen on the nutrienls 
vertical distributions. Between 9's and 
14's and near 20"s there should be two 
zones where the productivity is more or 
less permanently higher than in the ad- 
jacent waters. 
1. Introduction 
In a recent review of the equatorial cir- 
culation of the South Pacific Ocean, Tsu- 
CHIYA (1968) has pointed out what he con- 
sidered to be the main problems still to be 
solved concerning the zonal fluxes south of 
the equator. For him the actual knowl- 
edges suggest the existence of a permanent 
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Soil ih Equa iorial Countercurrent. 
He yucstions the zonal continuity of this 
surlace countercurrent through the entire 
South Pacific since it does not show on cer- 
tain surf;icC-Ciirrent charts. Similarly, he 
raises some doubt ;is to whether the axis of 
this current shifts towards tlie south in the 
eastern Pacific, as suggested by REID (1959) 
since i t  hiis been observed near 6's close to 
90 o li\;. 
Until 1968, only a few direct measure- 
ments liad been macle; BURKOV and OVCHIN- 
NIKOV ( I  960) have measured, between 5's 
md 8'S, a t  f72'E, a sliallow countercurrent 
(less than 200 m deep) with a velocity core 
of 10 cm/s a; the surface: at l76'W KOSHLI- 
AKOV and SErMAN (1965) have measured 
benveen 9's and 11's an eastward current 
extending to a depth of at least 1 OOOm, 
with a velocity core at the surface of 20 
cm/s. Further, the first authors indicate 
that the dynamic method leads to a deep 
eastward current (more than 2 O00 m) at 
172"E with a velocity core of 40 cm/s a t  
the surface and approximately the same 
meridional extension; the other two give 
on the contrary a geostrophic current at 
17G'Mr extending from 7"s to at least 13"s 
and with a velocity core of 10cm/s, its 
depth being not greater than 1 O00 m. All 
the other indirect evidences of the South 
Equatorial current lead to a maximum 
speed of about 10cm/s (TSUCHIYA 1968). 
According to TSUCHIYA (1968) there are 
indications that the two eastward geostro- 
phic currents observed at the surface and 
on the 125 cl/t isanosteric surface (REID 
1961; 'WOOSTEI~ 1961) can be sometimes dis- 
tinct from each other and he points out 
finally that besides this particular aspect of 
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the eastward circulation, one interesting 
question to be studied is the variations with 
longitude and with season of the South 
Equatorial Countercurrent. 
JARRIGE (1968) has given some interest- 
ing details on the strongest geostrophic east- 
ward flow which has been met between 
December 1965 and August 1967. The  lati- 
tude of the velocity core ranges from 7"s 
to 12"s whereas that of the southern border 
ranges from 10"s to 13"s and that of the 
northern border between 4"s and 9"s. In  
iiiost cases, the velocity core is close to the 
surface and to the northern limit of tlie 
countercurrent. The  wider the current the 
more northerly the velocity core and the 
higher the volume transport the lower the 
surface salinity which ranges from 34.0 
"/w to 34.8 %. 
Lastly, i t  must be stressed that this coun- 
tercurrent could well not be tlie only east- 
ward flow in the South TYestern Pacific. In 
fact BIJRKOV and OVCHIMNIKOV (I 960) have 
measured between 14"s and 25"s an east- 
  va rd countercurrent with a velocity niaxi- 
muni ol' 40 cm/s at 20"S, the geostrophic 
current showing between ZOOS and 28"s 
with a velocity maximum of 20 cm/s; the 
later is  much shallower than the former. 
2. Zonal Circulatioli at 170"E, between 
20"s and 4"s 
The nine cruises of the R. V .  Coriolis 
referred to by ROTSCHI and LEMASSON 
(196s) and by JARKIGE (1968) plus an addi- 
tional cruise along the same itinerary made 
in April-May 1968 throw some light on the 
zonal circulation in the Western South 
Pacific. 
At the surface they show not only the 
permanence, near IO'S, of the South Equa- 
torial Countercurrent, but also the existence 
further south, between 15"s and 2O"S, of a 
second countercurrent (fig. 1) . The exist- 
ence now proved of a zonal circulation pat- 
tern in tlie Western South Pacific more 
complicated that the three currents system 
makes it necessary to pointed out by Tsu- 
CHIYA (1968) to revise the names of tlie 
equatorial currents. Provisionally in this 
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I:ig 1. Meridional extension of the zonal geos- 
troi>liic currents observed at 170"E by 
the X. V. Coriolis from December 
1965 to May 1968. Black line: current 
to the east: white line: cu-ment to the 
wcst. For comparison currents observed 
by  tlic "Vilyn:" in  February 1958 
are also given. 
piper aiid in d l  the studies issued [rom 
our 1;tbor:itory the word "current" applies 
to westward flowers and the word "coun- 
t..i ciirrent" to eastward flows. The name 
Equatorial Current designate the westward 
current which is at the equator (South 
Equatorial Current in SVERDRUP) . The 
rimi: South Equatorial Current is reserved 
LG tlie westward flow south of the equator 
m d  which can be divided in several 
bran ches. 
JAKRIGE (1968) has commented the char- 
acterislics of the South Equatorial Coun- 
tercurrent. One can remark that tlie smalI 
westward current which intervenes within 
the South Equatorial Countercurrent at 
cruiscs 13.3, cz anc~ CG, lias a very low veloc- 
iLy, respectively 2 cm/s, 1 cm/s and 6 cm/s, 
and can be questioned since no account 
lins becn taken of the possible effect of the 
in terna1 waves. The most northerly exten- 
sion, beyond 5% was observed in hfarch 
1966 cruise BZ, in April 1967 cruise C3 and 
also by die V i ~ y a z  in February 1'35s. 
The second com tercurrent shown on all 
the sxtions, the zoiial extension of which 
is anknown and which could be provision- 
ally called the South Tropical Counter- 
current since it is a permanent feature of 
tlie zonal circulation in  this tropical re- 
-., ~ 
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Table 1. Characteristics of the South Tropical Countercurrent at 170"E. 
Cruise 
Maximum j Volume I Maximum Maximum depth of 
Date Limits depth the 10 cm/s speed transport 
cm/s ' 108 m3/s isotach m 
B I  
B 2  
B 3  
B 4 
c 2  
c 3  
c 4  
c 5  
C 6  
c 7  
gion, is slower, shallower and has a smaller 
meridional extension than the South Equa- 
torial Countercurrent (Table l ) .  Its vol- 
ume transport is also extremely small, usual- 
ly below 10x106 m3/5. There is no appar- 
ent relation belween the average latitude, 
the meridional extension or the volume 
transport of these two countercurrents. 
ATevertheless it could well be that the maxi- 
Dec. G5 15°S-190S 1 200 50 15 4 
March 66 15°30S-17030S I 300 140 20 : 5 
June 66 1GoS-2O0S 500 - 4 1 
March 67 17°S-200S I 500 130 20 7 
April 67 1GoS-200S I 500 20 10 3 
July 67 16330S-180S i 100 - 
May 68 17OS-20OS - 9 3 
Sept.-Oct. 66 16930S-190S i 500 , 360 35 14 
June 67 15°S-170S i 200 50 17 2 
5 O, 5 
August 67 15°S-200S i 5oo 00 160 17 7 
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Fig. 2. Variation from cruise to cruise of the 
intensity of the east-west component of 
the liermanent . geostrophic currents 
observcd between 2OoS and 5OS. The 
three currents are: the South Equa- 
torial Countercurrent, the South Equa- 
torial Current and the South Tropical 
Coun tercurrent. 
Jacques MERLE, Henri ROT~CHI and Bruno VOITURIEZ 
evaluation of the true meridional exten- 
sion and of the thickness of the currents. 
This zonal geostrophic circulation which 
is supported by the direct measurements of 
BURKOV and OVCHINNIKOV (1960) has been 
confirmed by direct measurements of April 
1968 during cruise C7 of the R. V. Col-io- 
lis. Measurements were made both with 
G. E. K. and with three Hydro-Product self- 
recording currentmeters according to the 
method described by MACNIER, ROTSCHI, 
RUAL and COLIN (19G9). The G. E. I{. 
(Fig. 3) shows an eastward current between 
9'30's and 11"2O'S, with a maximum veloc- 
i ty  of 40cm/s and another eastward cur- 
rent between 17's and 18'45's with a masi- 
mum velocity of 15 cm/s; the velocity core 
seems to be near the northern limit of the 
northernmost countercurrent and near the 
southern limit of the southernmost. In be- 
tween, there is a westward current with a 
velocity inasimum of 40 cm/s in the south- 
ern half of the current. North of the South 
Equatorial Countercurrent there is, between 
SOS and 9"30'S, a westward current which 
can be seen also on all the vertical sections 
of the geotrophic currents of the R. V .  
Coriolis. Another weak eastward cur- 
rent has beexi measured between 6'305 and 
SOS. 
The  geostrophic circulation is slacker but 
the meridional distribution of the zonal 
component of the currents is quite similar. 
The  South Equatorial Countercurrent shows 
at the same latitude but with a greater 
meridional extension both north and south 
and the South Tropical Countercurrent lias 
the same extension but is displaced towards 
the north by half a degree. The South 
Equatorial Current appears as two bands 
separated by an eastward current, at about 
the same location where the G. E. K. meas- 
urements show a minimum of westward 
current at 14"s which at all events can be 
due to the fact that the westward drift of 
the ship under southeasterly wind with a 
speed of 7 m/s was compensated by an east- 
ward geostrophic current, Ect the north- 
ernmost eastward current is replaced by a 
westward one. The  direct measurements 
with currentmeters which were made at 
the same location as the hydrological sta- 
tion give an east-west component which is 
in good agreement with other measure- 
ments. 
Neither the direct measurements, nor the 
indirect evaluations of the circulation give 
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Fig. 4. Surface salinity observed during the 
cruises of the R. 8. Coriolis along 
170°E, in the westward currents and 
the eastward countercurrents. The ar- 
rows indicate the direction and strength 
of the observed winds. 
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any evidence of a shift of the countercur- 
rent, i n  the direction of the equator, in the 
deep water. Thus, i t  seems now quite ob- 
vious that the surface South Equatorial 
Countercurrent is different from the sub- 
surface one which has been observed on 
the 125 cl/t isanosteric surface at 5"s in 
the Western South Pacific (REID 1959, 
1965) . Direct measurements between 4"s 
and 4"N show a deep extension to the south 
of the Equatorial Undercurrent (MAGNIEK, 
ROTSCHI, RUAL and COLIN, 1969), and this 
estension could well be the deep counter- 
current inet by REID (1959). 
' 
3. Hydrological Properties Associated 
to the Zonal Circulation 
JARRICE (1968) lias pointed out that the 
So-utli Equatorial Countercurrent is asso- 
ciated to a low salinity ranging from 34.0 
% LO 34.5 %. The comparison of the sur- 
face salinity ancl of the geostrophic currents 
shows that the so-called South Tropical 
Countercurrent is also associated to a low 
salinity (fig. 4) ancl that, generally speak- 
ing, the meridional alternation of high and 
low salinity reiiects the alternation of 
the westward currents and of the eastward 
countercurrents. Our actual knowledge of 
the oceanography of the Western South 
Pacific indicates that there is only one pos- 
sible source of low salinity water, the Solo- 
nions region. 
This alternation is again found in subsur- 
lace ;md particularly at the depth of the 
salinity maximum of the subtropical lower 
water of the south Pacific, extending west- 
ward and northward along the 340 cl/t 
- 
B 1  
B 2  
B 3  
B 4  
c 2  
c 3  
c 4  
c 5  
C G  
c 7  - 
T E  =: 
i.2 
z.5 o 
’ Z  on 
35.85 
35.92 
35.96 
36.00 
35.83 
35.85 
35.79 
39.53 
35.81 
Jacques MERLE, Henri ROTsciii and ßrnno VOITURIEZ 
Table 2. Hydrological Identification o€ the Various Zonal Currents becwecn 
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isanosteric surface. At most of the cruises, 
as noted by TsuCArYA (1968) two cores of 
high salinity are revealed (fig. 5) and on 
the 340 cl/t isanosteric surface salinity max- 
ima and minima are associated to westward 
and eastward geostrophic currents. Fur- 
ther, a t  least as far as tlie South Equatorial 
Countercurrent and the adjoining northern 
westward current are concerned, oxygen and 
nutrient (phosphate and nitrate) concen- 
trations are such that when the salinity is 
maximum, the oxygen concentration is also 
maximum, the nutrients one being mini- 
mum and vice versa (fig. 6) ; In  the South 
Tropical Countercurrent, to a low salinity 
correspond an oxygen maximum and nu- 
trients minima. 
Thus, the various zonal currents are re- 
latively easy to identify, both at  the surface 
and on the 340 cl/t isanosteric surface, and 
their characteristics have been summarized, 
Table 2. 
I n  a steady zonal circulation in the 
southern hemisphere, the continuity equa- 
tion implies that there is a divergence at 
- 
South Equatorial Countercurrent // 
i- 
II 
Average latitude 9OS 
the nordiern border of a westTcard current 
and :i convergcnce ;it its southern border 
ichich is tlie nor~hcrn border of the ad- 
joining eastward Ilow. Such ;1 vertical cir- 
culation shoulcl alfect the distrilmtion o€ 
the nutrients. 
This appears mainly on the forni of the 
discontinuity layer, below the surface homo- 
geneous layer, in the distribu tion of phos- 
phate (fig. 7) and of nitrate (fig. 8). Thus 
the subsurface waters seem eBectively to be 
enriched by upward mavcmeiits which do 
not reach the surface. But, as suggested by 
CRohfwELt. (19%) such a doming can have 
a great biological importance in the case 
OE an euphotic zolle deep enough to have its 
lower water affected by the water brought 
~ i p  in the direction of the surface. 
The intensity of the doming does de- 
pend on the intensity of the zonal circula- 
tion; when the later is sluggish, the doming 
can be unnoticeable and such conditions 
have been met at several occasions. 
HISARD ancl PITON (1968) have shown 
that a t  the northern limit of the South 
20"s and 5OS. 
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South Equatorial I( South 
Current Tropical 
Average latitude Counter- 
l3OSOS ] current 
! I 
35.25 ' 36.12 1) 35.05 
' 35.29 36.16 11 34.79 
35.37 35.87 no minimum 
\ no masin~um jj no minimuul 
i 34.61 1 35.96 1 34.44 
: 34.79 1 35.96 !I 34.G1 
I I 
I 
i 
35. 08 1 35. 86 /I no niinimum 
: 110 niasiilium i 35.90 j j  no minimum 
, 34.96 I 35.90 i '  34.91 
I 34.67 i 35.83 / j  34.60 
I 
I 
i 
il 
Fig. T. Vcrtical distribution o€ phosphate in 
the S L I ~ S L I ~ ~ ~ C ~  layer, in March 1967, 
cruise C 2 of ~ l i c  R. P. Coriolis. 
The arrows indicating the convergence 
or the divergence of the waters follow 
the limits bctwrccn eastward and west- 
ward flow. 
: 1:
. .- ~ ~ ~ : ~ ~ : , j  ____ - Vlislward I 
FiK. (i. Ilistribution of salinity and of oxygen, 
phosphate and nitrate concentrations 
on the 340 cl/t isanosteric surface dur- 
ing cruise B 2 OC the R .  8. Coriolis 
íil March 1966. 
Equatorial Countercurrent there is, at the 
basis of the surface Iioinogeneous layer, ;I 
nitrite maximum extending at  least to 1SO" 
aiici obviously due to n convergence. 
pig. S. I'ertical distribution of nitrate in the 
subsurface layer, in December 1965, 
criiise B 1 of the R. V. Coriolis. 
Thc arrows have the samc meaning 
as in Figure 7. 
4. Summary and Conclusions 
It appears that the zonal circulation be- 
tween 20'5 and 55, in the Western South 
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Pacific is more complicated than believed 
until now. Besides the South Equatorial 
Countercurrent with a core at about 93, 
the existence of which is  no more ques- 
tionable ancl which in  its swiftest part 
transports low salinity, low oxygen and 
nutrient rich water, there is, centered al 
about l'i'30'S a second permanent, sliallow- 
er and less meridionally extended counter- 
current. This later current is composed of 
low salinity water, rich in oxygen and poor 
in  nutrients. Between those two currents a 
branch of the South Equatorial Current 
with a core at about 13"30'S flows westward 
and is composed of high salinity water. 
This surface and subsurface circulation 
is entirely distinct from the circulation 
which has been observed on the 125 cl/t 
isanosteric surface. 
No apparent seasonal variation in the 
intensity, tlie volume transport, the meri- 
dional extension and tlie thickness of tlie 
various currents has been found. 
This circulation has an effect on the 
vertical distribution of nutrients, and i t  
can be expected that between 9's and 
13'30'5 and near 20's there is a more or 
less permanent enrichment of tlie deepest 
layer of tlie euphotic zone with a possible 
increase of the productivity of the upper 
layer. The total biomass collected with a 
10 feet Isaac Kidd Midwater Trawl during 
the cruises BORA is maximum between 
10"s and 15's and this is a confirmation of 
the existence near these latitudes of a 
mechanisin of enrichment. 
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